Major risk factors for coronary heart disease are also associated with early carotid artery thickening, but no studies have yet examined patterns of risk factors to see whether they differ for the two outcomes. Assuming similar pathogenesis for both coronary and carotid atherosclerosis, one could interpret risk factor pattern differences as relating to differences in staging, i.e., early atheroma versus later stenotic or occlusive atherothrombosis. This study included 12,193 Atherosclerosis Risk in Communities Study participants aged 45-64 years who were free of clinical cardiovascular disease in 1987-1989, in whom 420 myocardial infarctions or coronary heart disease deaths occurred over the next 6 years. Plasma low density lipoprotein cholesterol, systolic blood pressure, and smoking were major risk factors for both outcomes. Compared with these factors, triglycerides and high density lipoprotein (HDL) cholesterol were associated only weakly with carotid atherosclerosis but were associated strongly with coronary heart disease incidence. No other risk factors, including those associated with diabetes mellitus, hemostasis, and inflammation, differed in their relative contribution to the two outcomes. These results suggest that the high triglyceride-low HDL cholesterol pattern is involved in the transition from atheroma to atherothrombosis, and that control of this pattern may be important in persons with detectable subclinical disease. Am J Epidemiol 1999; 149:843-52. atherosclerosis; carotid artery diseases; coronary disease; prospective studies; risk factors Elevated low density lipoprotein (LDL) cholesterol and blood pressure, cigarette smoking, and other factors known to predict coronary heart disease events have recently been shown to also be strongly associated with intima-media thickening of the carotid arteries (1-3). However, none of these studies have compared risk factors for carotid artery thickening with risk factors for incident coronary heart disease in the same population. Assuming similar pathogenic processes across arterial
beds, such a comparison may indicate the relative importance of the factors for early atheroma formation versus later stenotic or occlusive disease (usually an atherothrombotic process (4, 5) ) and may have relevance for the staging of preventive interventions.
The Atherosclerosis Risk in Communities (ARIC) Study measured carotid intima-media thickness in men and women aged 45-64 years at baseline in 1987-1989 and again 3 years later, and has followed the cohort for the occurrence of coronary heart disease. In a cross-sectional analysis, we evaluated the associations of lipid levels with both carotid artery thickness and prevalent coronary heart disease and reported that, whereas LDL cholesterol appeared to be the most important lipid factor in carotid artery thickness, triglycerides and high density lipoprotein (HDL) cholesterol had relatively stronger associations with prevalent coronary heart disease (6) . This difference, we speculated, might be due to the influence of triglyceride metabolism on thrombosis. Consistent with that hypothesis, in 1995 two collaborating studies using the same study design reported stronger associations of elevated postprandial triglyceride levels with coronary heart disease than with carotid artery thickening (7, 8) .
Other investigators have suggested that diabetes mellitus may relate more to myocardial disease than to ath-erosclerosis (9) . In the present report, we compare the risk factor pattern for carotid artery thickening with the pattern for incident coronary heart disease in ARIC subjects who were free of heart disease at the baseline examination. Six groups of factors were studied: factors related to LDL cholesterol, triglycerides, systolic blood pressure, smoking, diabetes, and hemostasis/ inflammation.
This analysis does not involve direct comparison of the strength of association between any risk factor and atherosclerosis with the strength of association between that risk factor and coronary heart disease. We do not conclude that any risk factor has more effect on one outcome than on the other. The measures of association that are appropriate for carotid artery thickness and coronary heart disease differ, preventing such a comparison. We use a linear regression method for the former and proportional hazards regression for the latter. In addition, potential errors in ascertainment or measurement differ for the two outcomes, and this would affect the apparent relative strength of association for the two outcomes. What our approach allows, however, is an examination of risk factor patterns. For example, we examine whether, relative to other risk factors, triglycerides are more important for coronary heart disease than for carotid atherosclerosis.
MATERIALS AND METHODS
The ARIC Study includes a cohort of 15,792 persons aged 45-64 years who were recruited and first examined between 1987 and 1989. The cohort was selected as population-representative samples of residents of Forsyth County, North Carolina; Jackson, Mississippi (blacks only); the northwestern suburbs of Minneapolis, Minnesota; and Washington County, Maryland. Examination response rates were 46 percent in Jackson and approximately 65 percent in the other three communities. Nonresponders have been described elsewhere (10) . Of the persons examined at baseline, 14,346 (93 percent of the survivors) returned for a second examination 3 years later (in 1990-1992) , and 12,885 (86 percent of the survivors) returned for a third examination 6 years later (in 1993-1995) . Annual interview follow-up has exceeded 99 percent over the study interval.
Carotid atherosclerosis
The combined thickness of the intimal and medial layers (intima-media thickness) of the extracranial carotid arteries was assessed using B-mode ultrasound imaging. The arteries were examined bilaterally at three 1-cm lengths: the common carotid artery (proximal to the dilatation of the carotid bulb), the carotid bifurcation (proximal to the flow divider), and the internal carotid artery (distal to the flow divider). Standardized interrogation angles were used to enhance the reproducibility of the measurements. Measurements were performed at the ARIC Ultrasound Reading Center (Bowman-Gray School of Medicine, Winston-Salem, North Carolina). Centralized training, certification, and quality control programs were implemented for both sonographers and readers to ensure reliability and validity. More detailed descriptions of the ultrasound scanning and reading techniques have been published elsewhere (1, 11, 12) . When data for some of the six carotid sites were missing, maximum likelihood techniques were used to estimate an overall mean carotid intima-media thickness (13) .
Mean intima-media thickness was derived for both the baseline examination and the first follow-up examination of the ARIC participants, and the mean of these two mean intima-media thickness values was used as the carotid artery variable for this analysis. If a value was missing from one of the examinations, the value from the other examination was used in the analysis.
Incident coronary heart disease
ARIC participants with no evidence of coronary heart disease at baseline were classified as having had an incident coronary heart disease event if, over the interval from their baseline examination to the end of 1994, they had either a definite or probable hospitalized myocardial infarction, electrocardiographic evidence of a silent myocardial infarction, a definite coronary heart disease death, or coronary bypass surgery or angioplasty. The standardized methods of ascertainment and diagnosis used in the ARIC Study have been described elsewhere (14) .
Risk factors
The risk factor measurements used in this report were made at the baseline examination. Fasting venous blood was drawn with minimal trauma into vacuum tubes containing ethylenediaminetetraacetic acid for analysis of lipids and containing sodium citrate for analysis of hemostatic factors. Plasma aliquots were quickly frozen at -70°C and sent on dry ice at weekly intervals to the ARIC central lipid, central hemostasis, and central chemistry laboratories. Total plasma cholesterol (15) and triglyceride (16) levels were measured enzymatically. HDL cholesterol levels were determined after precipitation with MgCl 2 and dextran sulfate (17) . LDL cholesterol levels were calculated according to the method of Friedewald et al. (18) . Methods used for measuring hemostatic factors have been described elsewhere (19) . Briefly, fibrinogen was measured by the thrombin-time titration method (20) . Factor VII and factor VTTT coagulant activities were measured by determining the ability of the tested sample to correct the clotting time of factor VII-or factor VUI-deficient plasma and were expressed as a percentage compared with a standard calibration curve. Von Willebrand factor antigen was measured by enzyme-linked immunosorbent assay. White blood cell count was measured in hospital-based laboratories in each study community within 24 hours of venepuncture using automated cell counters (21) . The ARIC central chemistry laboratory measured serum glucose by the hexokinase method on a Coulter DACOS instrument (Coulter Electronics, Hialeah, Florida).
Blood pressures used were the mean of the last two of three sitting measurements taken using a randomzero sphygmomanometer following 5 minutes' rest.
Statistical methods
All analyses for risk factor associations with either carotid artery thickness or coronary heart disease incidence were based on the 15,792 persons who participated in the first examination, after the exclusion of 1,752 persons with any evidence of coronary heart disease at baseline (angina pectoris, previous myocardial infarction, heart or arterial surgery, coronary bypass or angioplasty, or electrocardiographic evidence of myocardial infarction), 492 persons who had not fasted for at least 8 hours before the examination, 1,318 persons with missing values for carotid artery measurements or any of the risk factors studied, and 37 persons whose race was other than black or white. Included were 5,359 men, among whom 301 coronary heart disease events occurred, and 6,834 women, who had 119 coronary heart disease events.
Linear regression analysis was used to assess associations of the risk factors with carotid artery thickness, and proportional hazards regression analysis was used to assess associations with coronary heart disease. All analyses were performed separately by sex.
The first set of comparisons involved six risk factors: LDL cholesterol, systolic blood pressure, current smoking, triglycerides, glucose, and fibrinogen. Alternatively, HDL cholesterol was substituted for triglycerides in this six-factor comparison; HDL cholesterol and triglycerides were not compared in the same analysis, because of the metabolic association between the two lipid factors (22) . The six factors were compared in two ways: with inclusion of age, race, and all six factors together (the full model) and with inclusion of age, race, and just one of the six factors, with each factor evaluated in a separate model. In order to provide a standard for comparison of the associations among risk factors, these analyses utilized sexspecific tertiles for LDL cholesterol, systolic blood pressure, triglycerides, HDL cholesterol, glucose, and fibrinogen, and three groups for cigarette smoking status (current, past, and never smokers). Persons with diabetes were included in the top glucose tertile regardless of their fasting glucose value. However, the use of medications for elevated lipid levels or blood pressure was not considered in classifying the participants into risk factor tertiles.
The second set of comparisons involved six groups of related risk factors: 1) LDL cholesterol (the only factor in the first group), 2) systolic blood pressure, diastolic blood pressure, and blood pressure treatment, 3) current smoking and past smoking, 4) triglyceride and HDL cholesterol levels, 5) fasting glucose level and diabetes mellitus, and 6) fibrinogen level, white blood cell count, and factor VII, factor VHI, and von Willebrand factor. As was noted above, the contributions of each of these six groups were evaluated in two ways: with inclusion of age, race, and all of the six groups of risk factors together (the full model) and with inclusion of age, race, and just one of the six groups, each in a separate model. Contributions of groups were evaluated by partial sums of squares for the linear regression model for carotid artery thickness and by an analogous likelihood statistic for the proportional hazards model for coronary heart disease. These statistics permitted comparison of the strengths of association for each group of risk factors when it was added last to the full models, or when the group of risk factors was added after age and race in the reduced models. Since the groups included within them closely related, possibly collinear, risk factors (e.g., systolic blood pressure and diastolic blood pressure (r = 0.70), diabetes and fasting glucose level (r = 0.70), and factor VHI and von Willebrand factor (r = 0.71)), no conclusions are drawn regarding independent effects of related risk factors within groups. Between groups, collinearity is not a concern. The only cross-group correlations exceeding 0.3 in absolute magnitude were current smoking with white blood cell count (0.38 in women and 0.39 in men), triglyceride level with factor VII (0.38 in women and 0.31 in men), and glucose level with factor VIQ (0.31 in women only).
Additional analyses of risk factor associations with carotid artery thickness were performed after we excluded from the group used in other analyses 738 persons with any evidence of stenotic or occlusive arterial disease-i.e., 420 persons with incident coronary heart disease, 42 with a lumen less than 2 mm in any carotid artery measurement, and 276 with an ankle-brachial blood pressure index less than 0.9. Table 1 shows risk factor levels and carotid artery thickness values in the study population. Table 2 shows associations of the six risk factors with carotid intimamedia thickness for ARIC men and women in the simple models controlling only for age and race (model 1) and in the full model including all six risk factors together (model 2). All six risk factors were significantly associated with carotid artery thickness in both sexes and in both statistical models. Table 3 shows comparable analyses for coronary heart disease. All risk factors except glucose were statistically significantly related to coronary heart disease in men. In women, with only 119 coronary heart disease events, only blood pressure, smoking, and triglyceride level showed independent statistical significance in both models. Figures 1 and 2 juxtapose the full-model results for carotid artery thickness and coronary heart disease to facilitate comparison of risk factor patterns. For carotid artery thickness, LDL cholesterol, systolic blood pressure, and smoking were clearly the dominant factors in both men and women. Current smoking versus never smoking and the upper tertiles of LDL cholesterol and systolic blood pressure versus the lower tertiles of these factors were associated with carotid artery thickness differences of 0.03-0.07 mm. For triglycerides, however, the carotid artery thickness difference was less, only 0.02 mm in men and 0.01 mm in women, and the confidence limits around these estimates (table 2) generally did not overlap the confidence limits for the three stronger risk factors. The pattern was quite different for coronary heart disease. Although LDL cholesterol, systolic blood pressure, and smoking remained important, triglyceride level had a more prominent position in the pattern than it did for carotid artery thickness, showing relative risks approximately as strong as those for systolic blood pressure in men and stronger than those for LDL cholesterol in women. No other risk factor showed a relative strength that differed consistently between carotid artery thickness and coronary heart disease. Similar analyses in which HDL cholesterol was substituted for triglycerides (not shown) revealed that HDL cholesterol, like triglycerides, is relatively more associated with coronary heart disease than with carotid artery thickness. For carotid artery thickness, HDL cholesterol was a weak factor in both men and women, associated with much smaller thickness differences than LDL cholesterol, systolic blood pressure, or smoking. For coronary heart disease, however, HDL cholesterol was associated with relative risks that were stronger than those for systolic blood pressure in men and stronger than those for LDL cholesterol in women.
RESULTS
Reanalysis carried out after exclusion of persons with any stenotic or occlusive disease in the carotid, coronary, or lower limb arteries (not shown) confirmed, in both men and women, that triglyceride level was independently associated with less carotid artery thickness difference than the three major risk factors.
Results for analyses of risk factor groups are shown in tables 4 and 5. Table 4 presents results from the models with age, race, and each of the six groups in separate analyses, and table 5 presents results from the full models with age, race, and all six groups together. In each table, the risk factor groups are ranked according to their relative strength of association with carotid artery thickness (left columns) or coronary heart disease (right columns). The risk factor groups were assembled to aid in the interpretation of results in terms of pathogenic processes. For example, triglycerides and HDL cholesterol are grouped together because the fasting levels of each factor are influenced largely by triglyceride metabolism. Three variables are assembled in one group because they are all blood pressure-related; five factors in another group are all part of hemostasis/inflammation processes. Although the number of risk factors differed among the groups and the number of factors in a group may affect its strength of association, our intent was only to compare the relative strength of associations of each risk factor group with carotid artery thickness versus coronary heart disease.
The triglyceride-HDL cholesterol group consistently showed much greater relative strength of association with coronary heart disease than with carotid artery thickness. In table 4, the triglyceride-HDL cholesterol group is ranked second for coronary heart disease in both men and women, whereas, for carotid artery thickness, its rank is only fourth in men and third in women. A similar result is seen in the full models (table 5) , where triglycerides-HDL cholesterol is the third-ranking group for coronary heart disease in both men and women, whereas, for carotid artery thickness, its ranking is sixth (weakest) in both men and women. No other risk factor group showed consistent differences in rankings for carotid artery thickness versus coronary heart disease.
DISCUSSION
Relative to other risk factors, triglycerides and HDL cholesterol showed stronger associations with coronary heart disease incidence than with early, nonstenotic carotid artery thickness. This difference was consistent in both sexes, in both age-/race-adjusted and multiple-variable-adjusted models, and in both analyses which considered the risk factors individually and those which considered them in groups of functionally related factors. No other risk factor showed consistent coronary heart disease versus carotid artery thickness differences in these analyses.
Since elevated triglyceride levels and reduced HDL cholesterol levels may both be atherogenic (23) , their greater relative association with coronary heart disease than with a direct measure of arterial thickness was initially surprising. Atherogenic factors should affect both outcomes, or, if coronary heart disease has determinants related to both atherogenic and nonatherogenic processes, they should have relatively greater effects on the direct measure of atherosclerosis. When we first reported the greater association of triglycerides with coronary heart disease than with carotid artery thickness in cross-sectional analysis (6), we speculated that the difference might indicate that triglycerides were associated more with advanced, stenotic, or occlusive atherothrombosis (as indicated * Each model included age, race, and the factors listed in only one risk factor group. Models for the blood pressure group, for example, included the following independent variables: age, race, systolic blood pressure, diastolk: blood pressure, and blood pressure treatment.
t For carotid intjma-media thickness, linear regression was the model used, and the partial sum of squares is shown for the group of risk factors added after age and race. These statistics are ranked to show their relative magnitude for each of the six risk factor groups studied.
t-For coronary heart disease, a proportional hazards model was used, and the table snows the -2 log likelihood for the group of risk factors added after age and race. These statistics are ranked to show their relative magnitude for each of the six risk factor groups studied. § LDL, low density lipoprotein; HDL, high density lipoprotein; WBC, white Wood cell.
by the occurrence of coronary heart disease) than with the earlier stages of mural atheroma formation. We cited studies suggesting that elevated triglyceride levels are thrombogenic-e.g., studies noting the association with impaired fibrinolysis and elevated factor VII (24-26) and plasminogen activator inhibitor 1 (PAJ-1) (27) levels. The greater reduction in HDL cholesterol found in association with coronary heart disease as compared with carotid artery thickening (6) was also interpreted as a result of the strong association of elevated triglyceride levels with coronary heart disease. However, we were concerned that cross-sectional bias might have influenced our finding-i.e., that coronary heart disease and its medication and lifestyle changes may have altered the triglyceride and HDL cholesterol levels after the coronary event. This concern has now been reduced by the current prospective coronary heart disease analysis. More recent research has confirmed the role of triglyceride-rich lipoproteins in factor VII activation (28, 29) but has not yet demonstrated in vivo effects of triglycerides on thrombosis. Unfortunately, findings for the hemostatic measures currently available in the ARIC Study, i.e., fibrinogen, white blood cell count, von Willebrand factor, factor VII, and factor VHI, did not provide support for our hypothesis. Prospective studies have not yet identified hemostatic factors which consistently predict atherothrombotic disease. In ARIC men and women, Folsom et al. (19) have found associations with incident coronary heart disease to be strong and consistent for fibrinogen level and white blood cell count but weaker and less consistent for factor VII, factor VIQ, and von Willebrand factor.
We are aware of no other studies that have compared risk factor patterns for both carotid artery thickness and coronary heart disease in the same population. However, Reed and Yano (30) found triglycerides to be more related to myocardial infarction than to coronary stenosis among nearly 8,000 Honolulu, Hawaii, men who were free of cardiovascular disease at study entry. Baseline risk factor levels were compared for case-patients with subsequent coronary stenosis by angiography but no myocardial infarction, case- t For carotid intima-media thickness, linear regression was the model used, and the partial sum of squares is shown for the indicated group of risk factors added last to the full model. These statistics are ranked to show their relative magnitude for each of the six risk factor groups studied.
t For coronary heart disease, a proportional hazards model was used, and the table shows the -2 log likelihood for the indicated group of risk factors added last to the full model. These statistics are ranked to show their relative magnitude for each of the six risk factor groups studied. § LDL, low density lipoprotein; HDL, high density lipoproteln; WBC, white Wood cell.
patients with both stenosis and myocardial infarction, and case-patients with nonfatal myocardial infarction without angiography. Blood pressure and cholesterol were associated similarly with all three case groups. However, glucose, triglycerides, and smoking were significantly associated with myocardial infarction but not with coronary stenosis alone. The authors concluded that these factors might affect the progression from arterial disease to myocardial infarction (30) . The stronger association of postprandial triglyceridemia with newly diagnosed coronary heart disease than with carotid atherosclerosis in coordinated studies (7, 8) also supports our finding of a relatively greater fasting triglyceride association for coronary heart disease than for carotid atherosclerosis. Our finding of strong prospective associations of fasting triglyceride levels with coronary heart disease is consistent with a recent review (31) which reported positive triglyceride associations in 12 of 14 prospective studies carried out in men (statistically significant in all but the two smallest studies) and five of five prospective studies carried out in women (statistically significant in all five).
Partial confirmation of our finding is also provided by three studies showing relations of LDL cholesterol or total plasma cholesterol, but not HDL cholesterol, with carotid atherosclerosis (2, 32, 33) . However, two other studies of carotid artery disease have produced discordant findings: either similar associations for HDL cholesterol and LDL cholesterol (3) or reduced HDL cholesterol levels and no association for total cholesterol (34) .
The fact that we compared coronary heart disease with carotid rather than coronary atherosclerosis means that we cannot be sure that the risk factor differences found may not have been due to the arterial territory studied. Our interpretations assume similarity of atherogenesis across arterial territories. General support for this assumption comes from prospective studies with atherosclerosis assessed at autopsy (35) and from the recently completed PDAY Study of aortic and coronary atherosclerosis in autopsied youth (36) . In the PDAY Study, postmortem serum LDL cholesterol + very low density lipoprotein cholesterol level was strongly positively associated with fatty streaks and raised atherosclerotic lesions in both the aorta and the coronary arteries, and HDL cholesterol was strongly negatively associated with fatty streaks in both arterial territories. However, some differences were also observed. The negative association of HDL cholesterol with raised lesions was statistically significant only in the coronary artery, providing a possible alternative explanation for our finding of stronger HDL cholesterol associations with coronary heart disease than with carotid artery thickness.
The coronary heart disease-carotid artery risk factor differences we report might also conceivably relate to timing: i.e., cross-sectional analysis for carotid artery disease versus prospective analysis for coronary heart disease. We know of no theoretical reason for expecting risk factor differences by either timing or arterial territory. Blood flow turbulence and local tissue factors might affect coronary and carotid arteries differently, but we measured systemic risk factors, not flowrelated and local tissue factors. Furthermore, carotid and coronary atheromata appear to be quite similar and seem to progress through similar stages (37) .
This study had a number of limitations. As we stated above, the weakness of our reported coronary heart disease association with hemostatic factors may be the result of our failure to find the most relevant factors. In addition, despite evidence that diabetes may have independent effects on the myocardium (9), we did not find diabetes to be related more to coronary heart disease than to carotid artery thickness. This may be the result of our excluding nonfasting participants, many of whom were diabetic. Also, our use of risk factor tertiles to simplify comparisons across risk factors precluded more informative analyses. For example, the use of medications for elevated lipid levels or elevated blood pressure was not considered in classifying the participants into tertiles. This might have affected the associations found for blood pressure, because of the large number of treated participants. However, repeated analyses (not shown) substituting a hypertension variable, defined as either elevated blood pressure or use of blood pressure medication, for the simple blood pressure variable shown in figures 1 and 2 did not alter the apparent relative importance of the blood pressure factor in the two disease endpoints. Most important among the limitations is the paucity of coronary heart disease events. Confidence limits for the coronary heart disease relative risks we report for the six risk factors were generally overlapping, but this could be corrected only by a much larger study or a longer follow-up period.
In a previously published article (6), we hypothesized a greater relative association of triglycerides with coronary heart disease than with carotid atherosclerosis and posed a plausible mechanism for the finding. In this study, we observed the association in both men and women, but the finding will require independent confirmation. If it is confirmed, it may aid our understanding of atherogenesis and suggest the value of giving more attention to triglyceridemia in preventing the transition from atherosclerosis to atherothrombosis.
